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A Deadlock Free Analysis for AIBO OPEN-R Programs
Based on Communicating Processes

Ryo SUETSuGU," SHOJI YUEN' and KIYOSHI AGUSAfT

We propose a compositional analysis method to ensure deadlock freeness of AIBO programs
based on communicating processes. Concurrent objects of AIBO programs with the OPEN-R
API are synchronized by two types of signals: ready and notify. Focusing on these signals, we
describe the abstract behavior of AIBO by the m-calculus along with the source code structure
concerning synchronization between concurrent objects. We use the Mobility Workbench to
check the deadlock capability. We present a decomposing method to reduce the combination
of states of concurrent objects. When a deadlock possibility is pointed out, our method en-
ables not only to detect deadlock of the whole system, but also to point out which component
may cause the deadlock. We illustrate our method by an example of an AIBO program to

display messages when its head sensor pushed.
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Fig.1 Structural operational semantics of the m-calculus.

SC-SUM-ASSOC M, +(Mx+ M3) = (My+ Mz) + M;
SC-SUM-COMM My + M, = My+ M
SC-SUM-INACT M+0 = M

SC-COMP-ASSOC P (P|P) = (P|PR)|Ps
SC-COMP-COMM PP = PP
SC-COMP-COMM PlO0 = P

SC-RES vzvwP = vwvzP
SC-RES-INACT vzl = 0

SC-RES-COMP vz(Py | Py) = Py|vzPs, ifz¢ M(P)
SC-REP P = PP

02 0000000
Fig.2 Axioms of structural congruence.
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(4) C++ for objA :
class A {

void Ready () {
subject [sbj_x]

->NotifyObserver () ;

P ———
(1) stub.cfg for objA }
ObjectName : A
Service : "A.x.char.S", Ready() )

S)C++ for objB :
| E—— class B {

void Notify() f{
observer [obs_x]

(2) stub.cfg for objB
ObjectName : B
Service : "B.x.char.0", Notify()

->AssertReady () ;

| E—
(3) CONNECT . CFG

A.x.char.S B.x.char.O !

}
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Fig.3 An example description of message passing.
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1 void Notify() {

2 if (state == MOVING) {

3 state = WAITING;

4 } else {

5 int pressure = getHeadPressure();

6 if (pressure > 1000) {

7 subject [sbj_x]->NotifyObserver();
8 } else {

9 observer [obs_y]->AssertReady() ;
10 }

11 state = MOVING;

12 }

13}

04 0O0O0OO00O0OODDODODOD
Fig.4 A program example before sliced.
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1 void Notify() {
2 if ( ) {
3
4 } else {
5
6 if ( ) 1
7 subject [sbj_x]->NotifyObserver();
8 } else {
9 observer [obs_y]->AssertReady() ;
10 }
11
12 }
13 3

05 ODO00O0DOO0ODOOOOO
Fig.5 A sliced program example.
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Fig.6 A sample program.
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void Display::DisplayData() {
subject [sbjReadyS]->NotifyObserver();
observer [obsDisplay] ->AssertReady () ;

}

N J
/~ Display 1000000 stub.clg —————

ObjectName : Display
NumOf0Subject 1
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Service :

"Display.Display.char.0", DisplayData()
Service : "Display.ReadyS.char.S", Ready()

N J

(- SensorObserver 0 0 0 0000 stub.cfg —\
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Service : "SensorObserver.Sensor.0OSensorFrameVectorData.0",
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J
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Fig.7 Free names of processes translated from a sample program.
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